In this issue of Neuron, two papers provide new insights into roles for local cadherin-based interactions during axon targeting in the Drosophila visual system. Using high-resolution analyses, Chen and Clandinin identify nonautonomous roles for the atypical cadherin Flamingo during photoreceptor targeting, while Nern et al. demonstrate that local cell type-specific roles for N-cadherin control layer-specific targeting of lamina neurons.
Precise patterns of connectivity are required to preserve important features of visual stimuli as information travels from primary sensory neurons to the brain. In Drosophila, the complex wiring of the visual system arises in successive steps, each requiring exquisite developmental precision. From the selection of an appropriate target field to target choice from within the field and synapse assembly, these developmental choices preserve spatial relationships of visual inputs and also function to compartmentalize inputs from photoreceptors with different spectral sensitivities (Clandinin and Zipursky, 2002) . The stereotypy of these connections and their behavioral relevance make the fly visual system an excellent experimental model for investigating the molecular mechanisms of circuit assembly Lee et al., 2001) .
In an adult Drosophila compound eye, visual input impinges on 750 ommatidia, each consisting of eight photoreceptor neurons (R1-R8) that make characteristic axon projections: R1-R6 project to the first optic ganglion, the lamina, while R7 and R8 project through the lamina to the second optic ganglion, the medulla (see Figure 1 ). R cell axons from the same ommatidium are initially bundled into a single fascicle. Upon reaching the lamina, R1-R6 growth cones stop, unbundle, and project to neighboring lamina cartridges where they synapse with a subset of lamina monopolar neurons. These cartridges pool inputs from R cells originating in multiple ommatidia that see the same point in space. Lamina neurons (L1-L5) from each cartridge, in turn, project axons to specific layers within a medulla column (see Figure 1) . Two studies in this issue of Neuron provide new insights into the role of local interactions between processes during the formation of this precise circuitry. The targeting of R1-R6 neurons to lamina cartridges is the focus of a paper by Chen and Clandinin (2008) . Nern et al. (2008) examine layer selection within a medulla column by R7 and L1-L5 neurons. The studies focus on two genes originally identified in a previous behavioral screen , flamingo (fmi) and N-cadherin (CadN), respectively, and describe new roles for cadherin function in axon targeting specificity.
Earlier studies in which specific subsets of R1-R6 cells were eliminated revealed that nearby cells often showed projection defects, indicating that interactions between R cells control target choice (Clandinin and Zipursky, 2000) . Targeting by R1-R6 neurons has also been shown to require the atypical cadherin Fmi (Lee et al., 2003) . Fmi is expressed in R1-R6 growth cones, but only weakly in lamina cells, and when all R cells lack Fmi, axons choose inappropriate cartridges (Lee et al., 2003; Chen and Clandinin, 2008) . Since Fmi is a homophilic cell adhesion molecule (Usui et al., 1999) one possibility is that Fmi-mediated interactions between R1-R6 growth cones influence the trajectory of axon extension and target selection (Lee et al., 2003) . However, the mechanism by which Fmi could mediate the distinct R1-R6 growth trajectories remained unclear.
Using single-cell mosaic analysis, Chen and Clandinin (2008) now show that Fmi is not required cell autonomously in individual R1-R6 cells for proper morphology or target selection. By contrast, wild-type cells that are situated next to, or near, fmi mutant cells often fail to target the appropriate cartridge, indicating a nonautonomous role for Fmi in R cell axon targeting. The frequency of mistargeting was highest when mutant and wild-type cells were located directly adjacent to one another, and as relative distance within the ommatidium increased, the expressivity of the targeting phenotype decreased. Increasing expression levels of Fmi in R4 cells causes mistargeting of other R cells within the ommatidium in a dosage-sensitive manner, suggesting that relative levels are important and further supporting the nonautonomous role for Fmi. Expression of a form of Fmi that lacks the intracellular domain in R4 causes the same phenotype, showing that the extracellular portion of the molecule is sufficient for this effect on neighboring wild-type R cells. Furthermore, results from the mosaic studies are consistent with Fmi acting in a homophilic fashion to mediate the interactions between growth cones.
Based on these results, Chen and Clandinin (2008) propose a model for how Fmi organizes precise patterns of connections. According to the model, each R cell growth cone is sensitive to the relative levels of Fmi provided by its two neighbors and adjusts its contacts to balance out the interactions from both sides. This balance of opposing forces establishes an appropriate trajectory for each growth cone and is a crucial early step in the selection of the correct target cartridge. This model suggests a mechanism for local growth cone steering by opposing homophilic interactions. It is interesting that Fmi expression differs among R1-R6 growth cones (Lee et al., 2003) . How are these expression levels regulated, and, together with axon position in the bundle, do they provide a code for specific axon trajectories? It will also be interesting to further examine how homophilic interactions are converted to specific directional outgrowth and to compare how Fmi's role in this system is mechanistically similar to or different from its adhesive and signaling roles in other contexts. Fmi is an atypical seven-pass transmembrane cadherin with diverse roles in cell-cell communication, including regulation of planar cell polarity and dendrite morphogenesis (Usui et al., 1999; Gao et al., 2000) , but the mechanisms by which it acts in these different contexts are not completely understood. Thus, further studies of Fmi in the context of R cell targeting will be significant for understanding the biology of this widely important molecule. The results of Chen and Clandinin (2008) should prompt new thinking about the mechanisms used to specify appropriate growth cone trajectories and whether an opponent model could apply to other homophilic cell adhesion molecules during axon targeting.
The next level of visual processing occurs in the medulla. Visual information is transmitted to the medulla indirectly via the lamina neurons and directly via R7 and R8 cells (see Figure 1) . Each cell type that projects to the medulla shows layer-specific targeting, and the molecular mechanisms of this targeting are a topic of intensive study. The classical cadherin CadN is required cell autonomously for the targeting of R7 axons to their appropriate layer, M6 Ting et al., 2005; Prakash et al., 2005; Nern et al., 2005) . Layer-selective targeting might conceivably be accomplished by specific expression of recognition molecules in afferents and targets, analogous to Sidekicks and Dscam in the vertebrate retina (Yamagata and Sanes, 2008) . However, CadN is widely expressed in the medulla, so this mechanism seems unlikely to alone control layer specificity. Furthermore, given this widespread expression it was reasonable to suspect broader roles for CadN in medulla layer targeting.
To dissect the role of CadN in layering specificity in the medulla, Nern et al. (2008) first identify the cells that contribute to the widespread expression of CadN. They observe local and dynamic differences in CadN distribution in the process-rich medulla and show that the CadN pattern is contributed in large part by the lamina neurons. Through an extensive high-resolution analysis of mutant phenotypes, Nern et al. (2008) show that the requirements for CadN in single lamina neurons are cell type specific. In L1, L3, and L4, CadN controls terminal layer selection. L2 layer targeting, by contrast, does not require CadN. For L5, CadN is required for proper interstitial branch targeting but not axon terminal targeting. Importantly, the phenotypes are not strictly layer specific: in several cases, photoreceptors and lamina neurons that normally target to the same layer show qualitatively different requirements for CadN. Defects in CadN mutant neurons are also observed at distinct times during development, further underscoring the cell and stage-specific use of CadN in layer targeting.
Determining how these specific CadNdependent interactions are accomplished was an important next question. As one example, Nern et al. (2008) show that as L3 and L5 neurons elaborate arbors in their respective layers, their growth cones expand into neighboring CadN-rich domains. For L5 interstitial branch expansion, the neighboring expression domain is provided by another lamina neuron, L2. Reverse MARCM experiments further show that these CadN-expressing L2 axons are required for both the elaboration and the tiling of L5 interstitial branches. Thus, early arriving axons expressing CadN can provide an important cue for later CadN-dependent targeting choices.
The widespread expression of CadN in the medulla and its multiple cell-type specific roles in targeting raise the important question of how CadN function is diversified in each cell type. As indicated by the data of Nern et al. (2008) , part of the answer lies in the developmental dynamics of expression and layer assembly. Cadherin function might be modulated in several additional ways. Previous work has suggested, for example, that different CadN isoforms act during early and late stages of R7 targeting in the medulla (Nern et al., 2005) . It will also be interesting to examine whether posttranslational modification and trafficking of CadN, its combinatorial action with other cell surface molecules, or level-dependent interactions contribute to targeting specificity (Nern et al., 2008) . Both papers reveal how local and dynamic cadherin-based interactions can impart targeting specificity during circuit formation. Future studies in these systems will continue to provide important insights into the diverse functions of these and other molecules underlying the development of precise wiring within compact, complex neuropils.
How basic helix-loop-helix (bHLH) transcription factors control neurogenesis and neuronal subtype specification through transcriptional mechanisms mediated by cell signaling remains to be fully elucidated. In this issue of Neuron, Ma et al. discover that phosphorylation via GSK3 of the bHLH factor, Ngn2 (Neurog2), adds a neuronal subtype-specific program to its functional repertoire that is activated in the developing neural tube in vivo.
The formation of nervous system complexity has fascinated researchers for over a century. In the last few decades, molecular mechanisms by which progenitor cells differentiate and acquire their cell identity are only just beginning to be fully understood. Neuronal differentiation involves two closely linked processes, neurogenesis and neuronal specification. Neurogenesis is the process whereby the neural progenitor cell exits the cell cycle and initiates panneuronal gene expression. In contrast, neuronal specification refers to the acquisition of a specific neuronal identity such as neurotransmitter or projection phenotype (i.e., an interneuron versus a motor neuron). The process of neuronal differentiation is regulated by two major classes of transcription factors. Basic helix-loop-helix (bHLH) factors have a primary function in neurogenesis, but in some contexts also influence neuronal specification (for review, see Bertrand et al., 2002) . Whereas, the LIM-homeodomain (LIM-HD) factors, whose pattern of expression is regulated by signaling pathways such as sonic hedgehog (Shh) and bone morphogenic protein (Bmp), have a primary function in specifying neuronal identity (for reviews, see Jessell, 2000; Lee and Jessell, 1999) . How members of the bHLH and LIM-HD classes of transcription factors interact mechanistically to generate the entire nervous system with the correct number and type of neurons remains a fundamental question in neurobiology.
Mechanistic insight into how neural bHLH factors work in conjunction with LIM-HD factors to specify neuronal subtype was first provided in studies of the regulation of the motor neuron-specific gene, Hb9, in the ventral neural tube (Lee and Pfaff, 2003) . This study demonstrated that the enhancer of Hb9 integrates the activity of the two classes of factors via transcription factor binding site organization. While the Lee and Pfaff (2003) study addressed how bHLH and LIM-HD factors could coordinate neuronal subtype specification, it suggested that the bHLH merely enhanced the specification function of the LIM-HD factors and did not have a direct role in specification itself. This conclusion is consistent with the broad expression of bHLH factors in ventral neural progenitors and the observation that mice mutant for the bHLH factor Ngn2 have decreased expression of most classes of ventral interneurons and motor neurons (Scardigli et al., 2001) . This is in contrast to the role of bHLH factors demonstrated in the dorsal neural tube that
